When rats experience lithium-induced illness after drinking a novel flavored solution, they subsequently avoid consuming that solution. Suppressed consumption of the lithium-paired taste is reflected not only in reduced intake at the spout (consummatory responding), but also in a reduced tendency to approach the spout (appetitive responding). The relative contributions of suppressed appetitive and consummatory responding are necessarily confounded in the typical consumption test.
The contribution of changes in consummatory responding independently of appetitive responding to taste aversion learning can be evaluated with the taste reactivity (TR) test developed by Grill and Norgren (1978) . The TR test measures orofacial and somatic reactions elicited by a brief forced intraoral exposure to a lithium-paired taste. If rats are intraorally infused with a lithium-paired flavor, they display aversive reactions, such as gaping, that are also elicited by exposure to a bitter quinine taste. Furthermore, a lithium-paired flavor elicits suppressed ingestive reactions, such as tongue protrusions. These patterns of responding suggest that the palatability of the illnesspaired saccharin solution changes in the direction of an aversion, as was initially suggested by Garcia, Hankins, and Rusiniak (1974) .
When the conditionally aversive taste is repeatedly presented in the absence of subsequent illness, rats will eventually readily consume that taste (e.g., Berman & Dudai, 2001; Nolan et al., 1997) . However, there is substantial evidence that much of the original learning survives extinction (see Bouton, 2004; Delamater, 2004) . For example, Rosas and Bouton (1996) reported that the intake of an extinguished lithium-paired taste does not reach the level of that of the same taste not paired with lithium. This suggests that the hedonic assessment of that taste should not return to preconditioning palatability levels. Although the extinction of taste avoidance learning has been evaluated extensively, the extinction of the conditioned palatability shift has not been investigated using the taste reactivity paradigm.
The following experiments compared the patterns of extinction of both lithium-induced taste avoidance (consumption test) and taste reactivity using a within-subjects design (Experiment 1) and a between-subjects design (Experiment 2).
EXPERIMENT 1
In Experiment 1, rats received a single conditioning trial during which saccharin consumption was paired with lithium (Group Paired) or saline (Group Unpaired). To equate exposure to lithium, rats in Group Unpaired were injected with lithium and rats in Group Paired were in-
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Copyright 2006 Psychonomic Society, Inc. Extinction of a conditioned palatability shift preceded extinction of conditioned taste avoidance whether rats were tested using a within-subjects design or a between-subjects design. In each of two experiments, consumption of 0.1% saccharin was paired with either 20 ml/kg of 0.15 M LiCl or equivolume physiological saline on a single trial. In Experiment 1, on each of 10 extinction trials, rats were given a taste reactivity test immediately prior to a consumption test. In Experiment 2, half of the rats were extinguished by taste reactivity testing and half of the rats were extinguished by a consumption test on each of 10 extinction trials. In both experiments, the aversive reactions of gaping and passive dripping were extinguished in a single trial and the suppression of ingestive reactions was extinguished in 2 trials; however, extinction of taste avoidance required 4-5 trials. These results suggest that rats continue to avoid a lithium-paired flavor even when they do not have an aversion to the taste.
jected with saline 24 h after the conditioning trial. During extinction, rats were given a 1-min intraoral infusion of saccharin solution in the taste reactivity chamber followed immediately by 30 min of access to saccharin solution in a bottle in their home cages. Therefore, the development of extinction of rejection and avoidance of the taste could be tracked within the same animal.
Method Subjects
The subjects were 24 male Sprague-Dawley rats (Charles River Laboratories, St. Constant, Quebec), which weighed 250-350 g on the conditioning day. They were individually housed in stainless steel hanging cages in a colony room kept at 21ºC on a 12:12-h light: dark schedule with the lights on at 0700 h. Throughout the experiment, the rats were maintained on ad-lib Rat Chow, but they were maintained on a water deprivation schedule described in the procedure section. The procedures were approved by the Wilfrid Laurier University Animal Care Committee according to the guidelines of the Canadian Council on Animal Care.
Surgery
One week following their arrival in the laboratory, the rats were implanted with intraoral cannulae. Twenty-four hours prior to the surgical procedure, they were administered a prophylactic antibiotic (Derapin, 100 mg/kg, s.c.; Ayerst). On the day of surgery, the rats were anesthetized with isofluorane gas and administered Anafen (7 mg/kg, s.c.; Merial), a nonsteroidal anti-inflammatory drug with analgesic properties. A 3-cm square of fur was shaved at the back of the neck just above the scapula, and Betadine (Purdue Frederick) and alcohol were rubbed on the skin. A thin-walled 15-gauge stainless steel needle was inserted at the back of the neck, directed subcutaneously around the ear and brought out behind the first molar inside the mouth. A length of Intramedic polyethylene tubing with an inner diameter of 0.86 mm and an outer diameter of 1.27 mm was then run through the needle, after which the needle was removed. Two circular elastic disks were placed over the tubing and drawn to the exposed skin at the back of the neck for the purpose of stabilizing the cannula. The tubing was held secure in the oral cavity by an O-ring, which was sealed behind the tubing prior to cannulation surgery. For the purposes of conditioning and testing, the cannula was connected to the infusion pump (Harvard Apparatus, South Natick, MA) for delivery of the solution by slipping the tubing of the cannula inside a second polyethylene tubing (inner diameter, 1.19 mm; outer diameter, 1.70 mm) attached to the infusion pump.
Procedure
Five days after the surgery, the rats were placed on a water deprivation schedule during which they received 30 min of water beginning at 0900 in the morning and an additional 30 min of water beginning at 1700 in the afternoon, for 4 days. The delivery of 30 min of water at 1700 h continued throughout the experiment.
The conditioning trial occurred on Day 5. During this trial, the rats received 30 min of access to a graduated tube containing 0.1% saccharin solution in the home cage beginning at 0900. Upon removal of the saccharin, the rats were injected i.p. with either 20 ml/kg of .15 M LiCl (Group Paired; n ϭ 12) or 20 ml/kg of physiological saline (Group Unpaired; n ϭ 12). On Day 6, all rats received 30 min of access to water at 0900 h. Two hours later, the rats given LiCl during conditioning were injected with saline and the rats given saline during conditioning were injected with LiCl, both at the same volume as given on Day 5. These noncontingent injections ensured that both groups were equally experienced with LiCl. On Days 7 and 8, the rats received water in their home cages for 30 min at 0900 h. On Day 9, the rats were individually placed in a taste reactivity (TR) chamber (22.5 ϫ 26 ϫ 20 cm) made of Plexiglas and their cannula was attached to the infusion pump for fluid delivery. The rats were habituated to the TR procedure by infusion with water for a period of 1 min at the rate of 1 ml/min. They were then returned to their home cages and allowed to consume water for 30 min. The extinction trials began on Day 10 and continued for each of 10 consecutive days. They were intraorally infused with 0.1% saccharin for 1 min at a rate of 1 ml/min while their orofacial and somatic responses were videotaped from a mirror at a 45º angle below the TR chamber. Immediately following the infusion, the rats were returned to their home cages and given access to saccharin solution in a graduated tube for 30 min.
On Day 21, the rats were given a two-bottle test; they received access to a tube containing saccharin and a tube containing water for 30 min in their home cages. The preference for the saccharin was determined by transforming the intake scores into a saccharin preference ratio: (milliliters saccharin consumed)/(milliliters saccharin consumed ϩ milliliters water consumed).
Behavioral Measures
The videotapes were scored by an observer blind to experimental groups using the Observer (Noldus Information Technology, Sterling, VA) event recording program. The behaviors scored included the frequency of the aversive reaction of gaping, the neutral/mildly aversive reaction of passive dripping, and the ingestive reactions of tongue protrusions, mouth movements, and paw licking. Gaping was defined as rapid, large-amplitude opening of the mandible with retraction of the corners of the mouth. Passive dripping was defined as passively letting the fluid drip from the mouth. Ingestive reactions were defined as the frequency of 2-sec bouts of tongue protrusions (extensions of the tongue out of the mouth), mouth movements (movement of the lower mandible without opening the mouth), and paw licking. The scores for tongue protrusions, mouth movements, and paw licking were summed to provide a total ingestive reaction score.
Results

Conditioning Trial
The mean amount of saccharin solution consumed during the conditioning trial did not significantly differ between Groups Paired (M ϭ 17.0, SEM ϭ Ϯ1.0) and Unpaired (M ϭ 16.3, SEM ϭ Ϯ1.0) as assessed by an independent t test.
Extinction Trials
Consumption tests. Figure 1 (top section) presents the mean (ϮSEM) amount of saccharin solution consumed by the Groups Paired and Unpaired on each of the 10 extinction trials. A 2 ϫ 10 repeated measures ANOVA revealed a significant group ϫ trials interaction [F(9,198) Table 1 ). The suppression of ingestive reactions displayed by Group Paired extinguished following two extinction trials. The mean (ϮSEM) number of 2-sec bouts of ingestion reactions (tongue protrusions ϩ mouth movements ϩ paw licking) is presented in Figure 1 (bottom panel). A 2 ϫ 10 repeated measures ANOVA revealed a significant group ϫ trials interaction [F(9,198) ϭ 5.46, p Ͻ .01]; as assessed by subsequent t tests, only on Extinction Trials 1 and 2 did Group Paired display fewer ingestive reactions than Group Unpaired ( ps Ͻ .05).
Discussion
Extinction of the lithium-induced conditioned palatability shift preceded extinction of lithium-induced taste avoidance. Rats displayed extinction of conditioned taste avoidance following four extinction trials; but extinction of conditioned gaping and passive dripping occurred in a single trial, and extinction of suppressed ingestive reactions occurred following two trials.
EXPERIMENT 2
Considerable evidence suggests that the context is important for extinction (see Bouton, 2004) . In Experiment 1, the solutions were conditioned in the rats' home cages and the consumption test occurred in the same context. However, the taste reactivity test was conducted in an environment different from that in which the solutions were initially conditioned. In Experiment 2, both the conditioning sessions and the tests assessing consumption and taste reactivity were conducted in the same context. Furthermore, to directly compare the development of extinction by consumption and by taste reactivity testing, a between-groups design was used; conditioned responding was extinguished in half of the rats by consumption testing (bottle groups), whereas in the other half, it was extinguished by taste reactivity testing (IO groups).
Method
The subjects were 32 male Sprague-Dawley rats weighing from 250 to 350 g on the conditioning day. All experimental procedures were the same as in Experiment 1, except as indicated. Half of the rats were implanted with intraoral cannulae as described in Experiment 1; 2 rats lost their cannulae, however, resulting in 14 rats in the IO groups.
All trials occurred in the taste reactivity context unless otherwise stated. On each of 4 days, rats were trained to drink water from a graduated tube (bottle) for 5 min in the morning (beginning at 0900 h) in the taste reactivity chamber. At 1700 h on each day of the experiment, they were given an additional 60 min of water in their home cages.
On Day 5, starting at 0900 h, the rats received 0.1% saccharin solution by bottle for 5 min in the TR chamber followed by an injection of 20 ml/kg of .15 M LiCl (Group Paired, n ϭ 16) or equivolume saline (Group Unpaired, n ϭ 14). On Day 6, all rats received 5 min of access to water by bottle in the TR chamber, beginning at 0900 h. At 1300 h, the rats in Group Unpaired were injected with 20 ml/kg of .15 M LiCl and the rats in Group Paired were injected with equivolume of saline.
On Day 7, at 0900 h, the rats in the TR groups (Paired IO, n ϭ 8; Unpaired IO, n ϭ 6) were intraorally infused with water for 5 min at the rate of 1 ml/min and the rats in the bottle groups (Paired Bottle, n ϭ 8; Unpaired Bottle, n ϭ 8) received access to water in the graduated tube for 5 min in the TR chamber at 0900 h.
Extinction training occurred on Days 8-17. Rats in the bottle groups were presented with 0.1% saccharin solution in a graduated tube in the TR chamber for 5 min, beginning at 0900 h, and the amount consumed was measured. Their behavior was videotaped during the consumption tests. In order to equate exposure to the CS flavor, the overall mean amount consumed by the bottle-tested Group Paired on each extinction trial determined the amount of saccharin solution that would be intraorally infused (1 ml/min) in the IO groups on that trial. The IO groups were exposed to saccharin for 1 min on Extinction Trials 1-3, for 2 min on Trial 4, for 3 min on Trials 5 and 6, and for 5 min on Trials 7-10. Only the first minute of exposure was videotaped.
On Day 18, the rats were all given a two-bottle test during which they were presented with two graduated tubes, one containing 0.1% saccharin solution and the other containing water; this was done in the TR chamber for 5 min, beginning at 0900 h. The amounts consumed were transformed into a saccharin preference ratio: (milliliters saccharin consumed)/(milliliters saccharin consumed ϩ milliliters water consumed). On Day 19, the rats were all given a second twobottle test in their home cages.
Results
Conditioning Trial
On the conditioning trial, the groups did not differ in the amount of saccharin solution consumed during the 5-min consumption test that preceded LiCl or saline administration as assessed by a 2 ϫ 2 between-groups ANOVA (Group Paired IO, M ϭ 4.8, SEM ϭ Ϯ1.5; Group Paired Bottle, M ϭ 5.0, SEM ϭ Ϯ0.5; Group Unpaired IO, M ϭ 5.7, SEM ϭ Ϯ0.8; Group Unpaired Bottle, M ϭ 5.3, SEM ϭ Ϯ0.7).
Extinction Trials
Bottle groups. Figure 2 (top panel) presents the mean (ϮSEM) milliliters of saccharin solution consumed by the rats that were extinguished by bottle. A 2 ϫ 10 mixed factors ANOVA revealed a significant group ϫ trials interaction [F(9,126) ϭ 7.79, p Ͻ .001]. As assessed by subsequent t tests, on Extinction Trials 1-5, Group Paired drank significantly less saccharin during the 5-min bottle test than did Group Unpaired ( ps Ͻ .05). Furthermore, analysis of the videotapes revealed that when tested by bottle, only on Extinction Trial 1 (see Table 2 ) did Group Paired display significantly more gaping than Group Unpaired [t(14) ϭ 2.62, p Ͻ .025].
IO groups. Among the IO tested rats, the aversive reactions of gaping and passive dripping extinguished in a single trial. A 2 ϫ 10 repeated measures ANOVA revealed significant group ϫ trials interactions for the behaviors of gaping [F(9,108) Table 2 ).
As in Experiment 1, extinction of suppressed ingestive reactions preceded extinction of suppressed consumption. Figure 2 (bottom panel) presents the mean number of 2-sec bins of ingestive reactions (tongue protrusions ϩ mouth movements ϩ paw licking) among the IO Groups. A 2 ϫ 10 mixed factors ANOVA revealed a significant group ϫ trials interaction [F(9,108) ϭ 2.02, p Ͻ .05]. Only on Extinction Trials 1 and 2 did Group Paired display significantly fewer ingestive reactions than Group Unpaired ( ps Ͻ .01), as assessed by independent t tests. Figure 3 presents the mean (ϮSEM) saccharin preference ratio displayed by the various groups during the twobottle test given the day after the final extinction trial in the TR chamber and on the next day in the home cages. Among the bottle-extinguished groups, regardless of whether the rats were tested in the conditioning/ extinction context (TR chamber) or in a different context (home cage) Groups Paired and Unpaired did not significantly differ in saccharin preference scores [ts(14) Ͻ 0.5]. However, among the IO extinguished groups, Group Paired showed lower saccharin preference scores than did Group Unpaired when they were tested in the conditioning/ extinction context [t(12) ϭ 2.26, p Ͻ .05], and when they were tested on the next day in their home cages [t(12) ϭ 2.41, p Ͻ .05].
Two-Bottle Tests
Discussion
Extinction of the flavor-drug association differed whether it was consumed from a drinking spout or administered through an intraoral cannula. Rats continued to avoid consumption of a lithium-paired saccharin solution during extinction training even when they no longer displayed the conditioned palatability shift. In fact, Group Paired showed more aversive reactions of gaping than did Group Unpaired only on the first extinction trial, whether the rats were tested by bottle or by intraoral infusion. The suppressed ingestive reactions persisted only for the first two extinction trials, whereas suppressed consumption persisted for five trials when they were only tested in a 5-min session.
The results of the two-bottle tests revealed that regardless of whether the rats were tested in the conditioning/ extinction TR context or in their home cages, the rats extinguished by actively consuming saccharin from a bottle no longer displayed an avoidance of the saccharin following 10 extinction trials. On the other hand, the rats extinguished by IO exposure did not display complete extinction of their avoidance of saccharin when tested in the conditioning/extinction TR context or when tested on the following day in their home cages. Although the conditioned palatability shift had extinguished early during extinction training in Group Paired IO, the avoidance of the lithium-paired taste had not extinguished even after 10 IO exposures.
GENERAL DISCUSSION
The present experiments are the first of which we are aware to systematically compare the extinction of taste avoidance and taste reactivity reactions. The pattern of results was similar in Experiment 1 using a within-subjects design and in Experiment 2 using a between-subjects design. In addition, in Experiment 1 the TR test occurred in a context different from the conditioning context, but in Experiment 2, the conditioning and extinction contexts were the same. Regardless of these differences, in both experiments, conditioned gaping and passive dripping extinguished in a single trial and conditioned suppression of ingestive reactions extinguished in two trials, despite the several trials that were necessary to extinguish conditioned taste avoidance. 
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Our results indicate that taste avoidance is maintained even after taste aversion is extinguished. We (Parker, 2003) have suggested that taste avoidance is different from taste aversion, because rats learn to avoid a taste paired with a rewarding drug, such as amphetamine, but they do not develop an aversion to that taste as measured by rejection reactions in the taste reactivity test. Of course, one might argue that the failure to detect rejection reactions in the TR test with corresponding taste avoidance simply reflects differential sensitivity of the measures. That is, if rewarding drugs simply produce a weaker taste-drug association than do emetic drugs, then this association might be detected in a sensitive intake test, but might not be detected in a less sensitive TR test. Zalaquett and Parker (1989) specifically addressed this issue; when doses were adjusted to produce weaker taste avoidance with lithium (12 mg/kg) than with amphetamine (3 mg/kg), only the lithium-paired flavor elicited rejection reactions in the TR test.
The much more rapid extinction of lithium-induced taste rejection than of taste avoidance in the present experiments suggests that avoidance is maintained in the absence of an aversion. On the other hand, it is also possible that the consummatory test is a more sensitive measure of a saccharin-lithium association than the TR test is, and that extinction of the former therefore proceeds more slowly. The avoidance test requires extinction of both the preparatory responses of approach to the bottle and the consummatory responses of drinking from the spout, whereas the TR test requires only extinction of the consummatory reactions during a forced infusion of the drug. It is conceivable that the suppressed preparatory responses are more resistant to extinction than the consummatory responses are. Indeed, it has been reported that taste avoidance measured by bottle consumption extinguishes more slowly than taste avoidance measured by intraoral consumption (Fouquet, Oberling, & Sandner, 2001; Wolgin & Wade, 1990; Yamamoto, Fresquet, & Sandner, 2002) .
Furthermore, since the rats were conditioned by active consumption of the saccharin by bottle, both the preparatory and the consummatory responses may have become associated with illness. It may be the case that the appetitive behaviors, in addition to the consummatory behaviors, became associated with the toxic effects of lithium (e.g., Cross-Mellor, Roberts, Kavaliers, & Ossenkopp, 2003) . Therefore, the bottle-tested group may have shown greater resistance to extinction not only because the consummatory responses must be extinguished, but also because the preparatory responses must be extinguished. The lack of extinction of the preparatory responses in the IO extinguished group may have been responsible for maintaining avoidance in the two-bottle test among the IO conditioned group after the extinction procedure was completed.
It might also be the case that avoidance and reactivity measures reflect two distinct aspects of the conditioned response. Konorski (1967) proposed that an unconditioned stimulus (US) is represented by multiple nodes in the memory system, including the representation of the emotional characteristics of the US and the sensory characteristics of the US. Wagner and Brandon (1989) suggested that the activity of emotional nodes is more persistent than the activity of the sensory nodes. Preparatory responses (appetitive responses toward the bottle) are formed by the association of the conditioned stimulus (CS) with the emotional characteristics, and more specific consummatory responses are formed by the association of the CS with the sensory characteristics of the US (Wagner & Brandon, 1989) . According to such an analysis, the avoidance test may primarily measure a conditioned emotional response (i.e., fear), but the TR test may primarily measure a sensory-specific response (i.e., sickness) that is less resistant to extinction (Parker, 2003; Wagner & Brandon, 1989) . Such an explanation is supported by findings that the establishment of lithium-induced conditioned rejection of saccharin solution is prevented by pretreatment with antiemetic agents (Limebeer & Parker, 1999 , 2000 , 2003 , but such agents do not even attenuate lithium-induced conditioned saccharin avoidance. Regardless of the mechanism, it is clear that rejection reactions as assessed by the TR test extinguish much more rapidly than does taste avoidance as assessed by consumption from a bottle.
